ABSTRACT Cottonseed meal (CSM), an oil industry by-product, is an attractive alternative protein source in poultry diets. To investigate the effects of CSM on growth performance, small intestinal morphology, digestive enzyme activities, and serum biochemical parameters of geese, a total of 300 healthy, 28-day-old, male Jiangnan geese were randomly divided into 5 treatments, with 6 pens of 10 geese each. Five isonitrogenous and isocaloric experimental diets were formulated to produce diets in which 0% (control), 25% (CSM 25 ), 50% (CSM 50 ), 75% (CSM 75 ), and 100% (CSM 100 ) of protein from soybean meal was replaced by CSM (corresponding to 0, 6.73, 13.46, 20.18, and 26.91% CSM in the feed, respectively). At 28, 42, and 70 d, BW and feed intake for each pen were measured. Blood, small intestine, and chyme samples were collected at 70 d. The results showed that dietary 13.46% CSM or more decreased BW at 42 d and ADG from 28 to 42 d but increased the feed/gain ratio (F/G) from 28 to 42 d (P < 0.05). From 42 to 70 d, geese in the CSM groups had higher ADFI and ADG than those of the control group (P < 0.05). Geese in the CSM 75 and CSM 100 groups had a higher ADG from 28 to 70 d and BW at 70 d and a lower F/G from 42 to 70 d than those of the control group (P < 0.05). Dietary 6.73% CSM also improved ADFI from 28 to 70 d (P < 0.05). Compared to the control, geese in the CSM groups had decreased pepsin and lipase activities, and those in the CSM 25 , CSM 50 , and CSM 75 groups had increased villus height in the jejunum at 70 d (P < 0.05). All groups had similar concentrations of total protein, blood urea nitrogen, uric acid, cholesterol, triglyceride, calcium, and phosphorus in serum (P > 0.05). In conclusion, excessive use of CSM (>6.73%) decreased growth performance at an early age (28 to 42 d) in geese, whereas 6.73 to 26.91% CSM in feed improved growth performance from 28 to 70 d.
INTRODUCTION
With the development of animal husbandry in China, goose production is becoming more specialized and widespread (Lu et al., 2011) . In the recent years, the goose industry has faced challenges, such as increasing feed costs. To our knowledge, feed constitutes approximately 70% of the cost of poultry production (Donohue and Cunningham, 2009 ). The protein source represents a large part of these costs, and therefore, the discovery of less expensive alternatives that do not affect the growth performance of poultry and that are preferably not used in human nutrition would be beneficial for the industry and farmers alike (Dalle-Zotte et al., 2013 Cottonseed meal (CSM), an oil industry by-product, is an attractive alternative protein source for use in poultry diets (Swiatkiewicz et al., 2016) . The main problem that has limited its utilization in poultry nutrition is the presence of free gossypol (FG) (Nagalakshmi et al., 2007) . Free gossypol, as a polyphenolic compound, reduces protein digestibility by inhibiting pepsinogen, pepsin, and trypsin activity in the gastrointestinal tract, and it binds iron in the diet (Nagalakshmi et al., 2007; Swiatkiewicz et al., 2016) . Moreover, FG can damage the organs of poultry, manifesting as an enlarged gallbladder, fatty liver hyperplasia (Henry et al., 2001; Zeng et al., 2014 Zeng et al., , 2015 , and shortened intestinal villi , which reduces the metabolism of nutrients.
Numerous studies have proved that FG has negative effects on the growth performance and physiological status of broilers (Henry et al., 2001; Adeyemo and Longe, 2007; Mishra et al., 2015) , laying hens 2066 (He et al., 2015; Wang et al., 2017) , and meat ducks (Zeng et al., 2014 (Zeng et al., , 2015 Zhu et al., 2017) . However, data on the effects of CSM on geese are limited. In addition, the tolerance levels for FG in birds vary widely depending on the age and strain of the bird, protein content and quality in feed, duration of feeding, and mineral content, especially of iron, in the diet (Nagalakshmi et al., 2007) . Therefore, the aim of this study was to investigate the effects of CSM on growth performance, small intestinal morphology, digestive enzyme activities, and serum biochemical parameters of geese.
MATERIALS AND METHODS

Experimental Design, Diets and Management
This experiment was conducted at Yangzhou University (Yangzhou, China) from October to November in 2017. A total of 300 healthy, 28-day-old, male Jiangnan geese from the same hatch were obtained from a commercial hatchery (Changzhou Four Seasons Poultry Industry Co. Ltd., Jintan, China). The geese were randomly assigned to 5 dietary treatments, with 6 replicate pens per treatment and 10 geese per pen, according to a completely randomized design. The control group was fed a corn-soybean meal (corn-SBM) basal diet, and the 4 experimental groups were fed diets that included 6. 73, 13.46, 20.18, or 26 .91% CSM (FG: 150 mg/kg); correspondingly, 25% (CSM 25 ), 50% (CSM 50 ), 75% (CSM 75 ), and 100% (CSM 100 ), respectively, of the dietary protein content provided by SBM in the control diet was replaced with CSM. All energy sources and protein-containing ingredients (i.e., corn, SBM, CSM, rice husks, and wheat bran) were analyzed for crude protein, crude fiber, and calcium before diet formulation. These diets were isonitrogenous and isocaloric and were formulated to meet or exceed the nutrient requirements of geese according to the NRC (1994) and prior research results from our laboratory (Shi et al., 2007; Wang et al., 2010) . The composition and nutrient levels of the experimental diets are listed in Table 1 . All geese were reared in plastic wire-floor pens (2.28 m × 1.24 m) and had ad libitum access to feed and water for 42 d. Water was provided by the same half-open, plastic, cylindrical water tank, and powdered feed was provided in feed troughs on one side of each pen. The geese were maintained under natural daylight. The room temperature was approximately 20
• C, and no heat was provided. All procedures for this study were approved by the Institutional Animal Care and Use Committee of Yangzhou University (Yangzhou, China).
Sampling Collection and Measurement
Growth performance was evaluated in terms of body weight (BW), average daily feed intake (ADFI), average daily gain (ADG), and the feed/gain ratio (F/G). BW and feed intake for each replicate pen CSM (6.73, 13.46, 20.18 , and 26.91% CSM, respectively, was added to the diets. Control group was fed a corn-soybean meal basal diet.
2 One kilogram of premix contained 1200,000 IU retinol, 400,000 IU rachitasterol, 1,800 IU D-a-tocopherol, 150 mg coagulation vitamin, 90 mg thiamine, 800 mg riboflavin, 320 mg pyridoxine, 1 mg cobalamin, 4.5 g nicotinic acid, 1,100 mg pantothenic acid, 65 mg folic acid, 5 mg biotin, 45 mg choline, 6 g Fe (ferrous sulfate), 1 g Cu (copper sulfate), 9.5 g Mn (manganese sulfate), 9 g Zn (zinc sulfate), 50 mg I (potassium iodide), and 30 mg Se (sodium selenite).
3 Calculated values.
were measured at 28, 42, and 70 d of age. ADG, ADFI, and the F/G from 28 to 42, 42 to 70, and 28 to 70 d were calculated. During the experimental period, only 1 animal died in the CSM 75 group; thus, mortality was not evaluated. At 70 d, 1 goose from each replicate pen with an average BW for the replicate was selected. Approximately 2 mL blood was collected via the wing vein and centrifuged at 2,000 × g for 10 min at 4 • C to harvest serum, which was then stored at -20
• C until analysis of biochemical parameters.
Following this, geese were immediately slaughtered by exsanguination. The duodenum (from the gizzard outlet to the end of the pancreatic loop), jejunum (from the pancreatic loop to Meckel's diverticulum), and ileum (from Meckel's diverticulum to the ileocaeco-colic junction) were isolated. Sections (approximately 2 cm in length) from the midpoints of the duodenum, jejunum, and ileum were excised and flushed with phosphate-buffered saline (PBS) and immediately fixed by placing them in 10% neutral-buffered formalin solution. Meanwhile, digesta samples of the duodenum, jejunum, and ileum were slightly squeezed and stored in enzyme-free tubes. Then, the remaining tissues were immediately immersed into liquid nitrogen and stored at -70
• C until use. Table 2 . Effect of cottonseed meal (CSM) on the body weight (BW) (g), average daily feed intake (ADFI) (g/d/bird), average daily gain (ADG) (g/d/bird), and feed/gain ratio (F/G) (g/g) of geese. CSM (6.73, 13.46, 20.18, and 26 .91% CSM, respectively, was added to the diets). Control group was fed a corn-soybean meal basal diet.
Small Intestinal Morphology
Each fixed sample was embedded in wax, sectioned at a thickness of 5 μm, and stained with hematoxylineosin. For histological morphometric observations, the slides were analyzed by light microscopy, and digital images were captured (LY-WN-HP SUPER CCD, Chengdu, China). The height of villi and depth of crypts were measured for 10 villi at ×40 magnification as described by Lu et al. (2011) , with minor modifications.
Digestive Enzyme Activities
The small intestinal digesta samples were diluted 10-fold, based on the sample weight, with ice-cold PBS (pH 7.0) and homogenized for 1 min. The samples were then centrifuged at 1,800 × g for 10 min at 4
• C. The resulting supernatants were used for soluble protein and enzyme assays. Protein contents, pepsin, trypsin, lipase, and amylase activities were measured using a 725N ultraviolet visible spectrophotometer (INESA Scientific Instrument Co., Ltd., Shanghai, China) with respective detection kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). One unit of pepsin activity was defined as 1 μg of amino acid produced by proteolysis per minute at 37
• C per mg of intestinal digesta protein. One unit of trypsin activity was defined as a change in absorbance of 0.003 per minute at 37
• C per mg of intestinal digesta protein. Lipase activity was assayed using the methyl halide substrate method. Amylase activity was measured using the iodine-starch colorimetric method. One unit of amylase activity was defined as the amount of amylase that hydrolyzes 10 mg of starch in 30 min at 37
• C per mg of intestinal digesta protein. Pepsin, trypsin, lipase, and amylase activities are all expressed as a specific activity (U/mg of digesta protein).
Serum Biochemical Parameters
Serum concentrations of total protein (TP), glucose (GLU), blood urea nitrogen (BUN), uric acid (UA), cholesterol (CHO), triglyceride (TG), calcium (Ca), and phosphorus (P) were measured using a Beckman Coulter UniCel DxC 800 Synchron Clinical System autoanalyzer (Beckman Coulter Inc., Fullerton, CA) with the respective detection kits (Zhongshan BGH Biotechnology Co., Ltd., Zhongshan, China). Serum TP was assayed by the biuret method. Serum GLU was assayed by the GLU oxidase method. Serum BUN was assayed by the rate method. Serum UA, CHO, and TG were assayed by the enzyme-colorimetric method. Serum Ca and P were assayed by the ion electrode method.
Statistical Analysis
All data were analyzed using a one-way ANOVA in SPSS 17.0 (SPSS, 2004) . Each replicate pen served as an experimental unit for all statistical analyses. Significant differences among the treatment means were determined at P < 0.05 by Duncan's multiple range tests.
RESULTS
Growth Performance
BW, ADFI, ADG, and the F/G of geese fed graded concentrations of dietary CSM are shown in CSM (6.73, 13.46, 20.18, and 26 .91% CSM, respectively, was added to the diets). Control group was fed a corn-soybean meal basal diet.
and ADG of geese in the CSM groups increased (P < 0.001), and the F/G of geese in the CSM 75 and CSM 100 groups decreased (P = 0.007) compared with the control group. Geese in the CSM 75 and CSM 100 groups had a higher BW at 70 d and ADFI and ADG from 28 to 70 d than those of the control group (P < 0.05). However, increasing dietary CSM did not affect the F/G during the whole experimental period (P > 0.05).
Small Intestinal Morphology
Morphological measurements of the small intestinal mucosa of the geese are presented in Table 3 . Geese in the CSM 25 , CSM 50 , and CSM 75 groups had a greater villus height in the jejunum than geese in the control group (P < 0.05), whereas villus height in jejunum did not differ between the control and CSM 100 groups. No effects of dietary CSM were observed on the duodenum or ileum or on the crypt depth or the villus height: crypt depth ratio of the jejunum (P > 0.05).
Digestive Enzyme Activities
The digestive enzyme activities for the intestinal contents of geese are shown in Table 4 . The activities of pepsin (P = 0.008) and lipase (P = 0.003) of geese in the CSM 25 , CSM 50 , CSM 75 , and CSM 100 groups were lower than those of geese in the control group, whereas trypsin and amylase activities did not differ, in the jejunum (P > 0.05). No differences were observed for digestive enzyme activities in the duodenum or ileum (P > 0.05).
Serum Biochemical Parameters
The effects of CSM on serum biochemical parameters of the geese at 70 d are shown in Table 5 . The dietary CSM had no significant effect on serum concentrations of TP, GLU, BUN, UA, CHO, TG, Ca, or P (P > 0.05).
DISCUSSION
The current study was designed to evaluate the effects of feeding graded concentrations of CSM on the growth performance, small intestinal morphology, digestive enzyme activities, and serum biochemical parameters of geese. No animals from any group displayed clinical signs, including dyspnea, weakness, or sudden death due to the FG contents of the experimental diets, which were very low. In the present study, dietary 13.46% CSM or more decreased BW at 42 d and ADG from 28 to 42 d but increased F/G from 28 to 42 d. Similar results were also reported for ducks by Zeng et al. (2014) , who reported that ducks fed a diet containing 33.11% CSM showed reduced ADFI and ADG from 1 to 14 d of age. These results indicated that the use of CSM as a protein source in feed for geese should be limited to no more than 6.93% from 28 to 42 d of age. The tolerance to FG is influenced by the age of the bird, and young birds are more sensitive to dietary FG concentrations (Lordeloet al., 2005; Zeng et al., 2014) .
Intriguingly, geese in the CSM 50 , CSM 75 , and CSM 100 groups (13.46% to 21.91% CSM in feed) showed increased ADFI and ADG and a reduced F/G from 42 to 70 d of age. During the whole experimental period, geese in the CSM 75 and CSM 100 groups (20.18 to 26.91% CSM in feed) had a higher ADFI and ADG. These results indicated that 13.46 to 21.91% CSM had a positive effect on geese growth performance from 42 to 70 d CSM (6.73, 13.46, 20.18, and 26 .91% CSM, respectively, were added to the diets). Control group was fed a corn-soybean meal basal diet. (1955) reported that rations incorporating equal parts CSM and SBM proved to be equal or superior to rations containing these meals as the sole protein source. DalleZotte et al. (2013) observed that CSM can be a valuable protein source in ostrich feed and that the birds fed increasing levels (3 to 12% in feed) of CSM from 6 to 13 mo of age showed improved growth performance, i.e., increased BW and a reduced F/G. Compared to SBM, CSM contains lower concentrations of lysine (-0.77%) and higher concentrations of arginine (+1.27%; Feed Database in China, 2014). Total lysine content was formulated to be the same among all treatments, leading to higher arginine contents in diets fed to the CSM 25 , CSM 50 , CSM 75 , and CSM 100 groups. Jahanian (2009) reported that better growth performance can be obtained by adding a small amount of arginine to a corn-SBM-based diet. The higher concentration of arginine in the diets of the 4 treatment groups could be one reason for the higher growth performance in these geese.
The small intestine is the main site of nutrient digestion and absorption in geese, and small intestinal morphology is related to the absorption of different substances. In the present study, jejunum villus height was significantly increased in the CSM 25 , CSM 50 , and CSM 75 groups (6.73 to 20.18% CSM in feed) compared with height in the control group. These results are similar to those ofÖzdogan et al. (2012) , who reported that increasing the dietary concentration of CSM increased the duodenum villus height of broilers. The increase in villus height increases the surface area available for absorption of nutrients (Laudadio et al., 2012) . In this study, the increased jejunum villus height was accompanied by improved growth performance, indicating that the increase in jejunum villi height may be one of the reasons for the improvement in growth performance.
The digestive enzymes in the gut have key functions in the degradation of nutrients. In the present study, geese in the CSM 25 , CSM 50 , CSM 75 , and CSM 100 groups (6.73 to 26.91% CSM in feed) had lower pepsin and lipase activities in the jejunum than with geese fed the control diet, consistent with the results of studies by Lyman et al. (1959) and Tanksley et al. (1970) . They reported that the F/G from CSM may directly inhibit certain enzymes (e.g., pepsinogen, pepsin, and trypsin) by binding the free epsilon amino groups of lysine in the gastrointestinal tract. Intriguingly, the reduced digestive enzyme activity did not decrease the growth performance of geese at 70 d, implying that the utilization of protein and fat might not be affected by increasing the dietary CSM content. In support of this, serum biochemical parameters were examined, and no differences were observed for serum TP, BUN, UA, CHO, and TG concentrations in geese at 70 d. Moreover, the reason why growth performance was not negatively affected by the decrease of pepsin and lipase activities in the jejunum may be due to the increased intestinal villi height in the jejunum. Geese growth performance can also be affected by intestinal microorganisms, digestible amino acids, and other factors, and these matters require further study.
In conclusion, dietary CSM affected geese growth performance, small intestinal morphology, and digestive enzyme activities. Based on our findings, CSM reduced pepsin and lipase activities but enhanced villus height in the jejunum. The excessive use of CSM (>6.73%) decreased growth performance at an early age (28 to 42 d) in geese. However, geese fed diets containing 6.73 to 26.91% CSM showed improved growth performance during the whole experimental period (28 to 70 d).
